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Table 1 



Comparative Energy Efficiency for Half Screen Bar Pattern 





Modulation 


Scan Method 


Luminance 


Row Power 


Column Power 


Efficiency 


EfTicie 




Voltage 




(cd/m2) 


(watts) 


(watts) 


(lumens/watt) Ratio 




(volts) 














10 


30 


single 


12 


8.1 


10.8 


0.62 






30 


double 


16 


10.1 


12.8 


0.67 


1.1 




40 


single 


27 


9.1 


17.2 


1.04 






40 


double 


38 


12.2 


18.5 


1.24 


1.2 


15 


50 


single 


43 


11.0 


24.2 


1.23 




50 


double 


74 


16.2 


27.0 


1.72 


1.4 




60 


single 


56 


13.1 


33.2 


1.22 






60 


double 


102 


20.0 


37.0 


1.78 


1.5 


20 








Table 2 












Comparative Energy Efficiency for Full Screen Illumination 




25 


Modulation 


Scan Method 


Luminance 


Row Power 


Column Power 


Efficiency 


EfTiciei 




Voltage 




(cd/m2) 


(watts) 


(watts) 


(lumens/watt) Ratio 




(volts) 














30 


30 


single 


8 


8.9 


9.6 


0.42 




30 


double 


8 


11.2 


10.6 


0.34 


0.8 




40 


single 


25 


12.3 


12.9 


1.00 






40 


double 


28 


17.0 


14.8 


0.88 


0.9 




50 


single 


42 


16,0 


17.8 


1.22 




35 


50 


double 


56 


22.4 


20.8 


1.29 


1.1 


60 


single 


56 


19.9 


24.7 


1.26 






60 


double 


87 


29.0 


29.5 


1.49 


1.2 



A simplified analysis of the relative energ>^ efficiency for double row scanning as 
40 compared to single row scanning is as follows. If Px is the power dissipated in an addressed 
row, and Pyis the power dissipated in a non-addressed row, then for single line scanning of a 
display with n rows the overall electrical to optical energy efficiency, Es , for the display is 
given by 



45 



Es = TipiisPx/(Px + nPy) (1) 



9 



where r|p is the electrical to optical energy conversion efficiency for an addressed row and r\s 
is the efficiency of electrical power transfer to the panel under the load conditions for single 
line scanning. If double line scanning is used, the energy efficiency is given by 

5 

Ed= 2iipr|dPx/(2Px + nPy) (2). 

where r|d is the efficiency of electrical power transfer to the panel under the load conditions 
for double line scanning and the other parameters are a previously defined. In the limit for 
10 high resolution displays, i.e. where n Py » P^ , these expressions simplify to 

Es =r|pr|s Px/nPy (3) 

and 

15 Ed = 2r|pr|dnPy/nPy (4) 

In view of the above equations, it can be seen that if r|d > r|s /2, the efficiency for 
double line scanning will be higher than for single line scanning. Of course, it should be 
20 noted that although r|d will generally be less than r|s due to higher loading of the drivers for 
double line scanning, the inequality above can be satisfied under many circumstances, 
particularly if the driver impedances are relatively low. 

The data in Tables 1 and 2 can be understood in terms of the analysis above. The 
25 column power to the non-addressed rows is relatively low for the uniformly illuminated panel 
(Table 2). In this case, the voltage on all columns is the same, and the power dissipated in 
the non-addressed rows due to capacitive coupling with the columns is minunal. It should 
also be noted that the luminosity is not significantly higher for double line scanning, 
particularly for lower modulation voltages. This indicates a significant voltage reduction at 
30 the pixels resulting from a voltage drop in the drivers due to an increased load for double line 
scanning. 



10 

Correspondingly, the ratio of efficiencies for double line scanning as compared to single line 
scanning is close to unity, and in fact is somewhat less than unity for the lower modulation 
voltages. 

5 By contrast, for the half screen bar pattern (Table 1), the power dissipation in the non- 

addressed rows is higher and this is reflected in the higher measured column power relative 
to the row power and in the higher ratio of the measured efficiency for double line scanning 
over single line scanning, despite an overall higher load on the row and column drivers and a 
corresponding reduction in the electrical power transfer efficiencies r\s and r|d . The 
1 0 efficiency gains with double line scanning are greatest for the highest modulation voltage, 
since the relative power dissipation in non-addressed rows is largest in this case. 

The test pattern of Table 2 is more representative of a typical video image and is 
therefore more illustrative of the energy efficiency improvements inherent in the double line 
15 scanning method of the present invention. It should be noted that the efficiency gains with 
double line scanning will be even higher than indicated above if lower impedance drivers are 
used. 

Example 2 Shared Sub-pixel Design 

20 

Figure 5 illustrates a further embodiment of the invention wherein a triad pixel design 
is provided for a full colour display. According to this embodiment red, green and blue 
physical display pixels are selected or addressed as a triangular array of sub-pixels chosen 
from two adjacent rows of individual sub-pixels. In the illustrated embodiment, the number 
25 of physical display pixels in the superset from which sub-pixel sets are selected is five. The 
number of sub-pixels in a selected set is three (one red, one green and one blue sub-pixel), 
and the number of pixels of video data capable of being illustrated by each selected set is also 
three. A person of ordinary skill in the art may conceive of other operable configurations of 
triad pixel design. 



30 



